Impulsive risk taking contributes to deleterious outcomes among clinical populations. Indeed, pathological impulsivity and risk taking are common in patients with serious mental illness, and have severe clinical repercussions including novelty seeking, response disinhibition, aggression, and substance abuse. Thus, the current study seeks to examine self-reported impulsivity (Barratt Impulsivity Scale) and performance-based behavioral risk taking (Balloon Analogue Risk Task) in bipolar disorder and schizophrenia. Participants included 68 individuals with bipolar disorder, 38 with schizophrenia, and 36 healthy controls. Self-reported impulsivity was elevated in the bipolar group compared with schizophrenia patients and healthy controls, who did not differ from each other. On the risk-taking task, schizophrenia patients were significantly more risk averse than the bipolar patients and controls. Aside from the diagnostic group differences, there was a significant effect of antipsychotic (AP) medication within the bipolar group: bipolar patients taking AP medications were more risk averse than those not taking AP medications. This difference in risk taking because of AP medications was not explained by history of psychosis. Similarly, the differences in risk taking between schizophrenia and bipolar disorder were not fully explained by AP effects. Implications for clinical practice and future research are discussed.
INTRODUCTION
Impulsiveness is a clinical feature of both schizophrenia and bipolar disorder Ouzir, 2013) . Broadly, impulsivity refers to a predisposition toward unplanned reactions without consideration of consequences (Moeller et al, 2001 ) and can include risky decision making, self-reported high-risk attitudes, poor response inhibition, and rapid decision making (Courtney et al, 2012) . It is also associated with poor clinical outcomes in patients with bipolar and schizophrenia including substance abuse (Dervaux et al, 2010; Gut-Fayand et al, 2001) , suicidal acts (Gut-Fayand et al, 2001) , and aggression (Perroud et al, 2011) . However, the role that impulsivity has in bipolar disorder and schizophrenia are poorly understood.
Bipolar disorder is often characterized by impulsive behavior and increased tendency to work toward a reward, often without sufficient planning (Johnson et al, 2012) . Although risky-impulsive behavior is a diagnostic criterion for mania (American Psychiatric Association, 2000) and bipolar patients consistently show abnormalities on selfreport measures of impulsivity, they do not consistently show deficits on behavioral tasks that require planning and forethought (Holmes et al, 2009; Lombardo et al, 2012) . These differences may reflect the multi-faceted nature of impulsivity (Dalley and Roiser, 2012) , or the measurement tools used to assess the construct (Ouzir, 2013) .
In schizophrenia, there are fewer studies of impulsivity and risk taking. Schizophrenia patients tend to show higher self-reported impulsivity, but the findings on performancebased risk-taking tasks vary, with patients sometimes showing risk aversion or lack of impulsivity (Cheng et al, 2012; ) and sometimes an increase in impulsive risk taking (for a review, see Ouzir, 2013) . Explanations for nonoptimal risk decisions in schizophrenia include cognitive deficits (Cheng et al, 2012) , impaired mental representations of reward (Gold et al, 2012; Heerey et al, 2011) , negative symptoms (Heerey et al, 2007) , and reward learning abnormalities (Heerey et al, 2008) .
Finally, some of the mixed findings in bipolar disorder and schizophrenia regarding impulsivity and risk taking may be attributable to the types of medications patients are taking. The neurochemical basis of impulsivity and risk taking involves dopaminergic, serotonergic, and other neurotransmitter systems (Pattij and Vanderschuren, 2008; Dursun et al, 2000) , and these systems are affected by antipsychotic (AP) medications. Some studies find a reduction in impulsiveness associated with AP medications (Spivak et al, 1997) , whereas others find no such effect in psychotic samples (Ahn et al, 2011; Heerey et al, 2007; Shurman et al, 2005) . Thus, it is important to consider the role of AP medications on measures of impulsivity and risk taking. This is one of the first studies to examine both self-report and behavioral measures of impulsivity in bipolar disorder and schizophrenia. The study had two goals. The primary goal was to conduct a careful analysis of impulsivity using multiple approaches across three groups: bipolar disorder patients, schizophrenia patients, and healthy controls. The secondary goal was to compare subgroups of bipolar disorder patients who differed in terms of AP medications and history of psychosis on measures of impulsivity and risk taking.
METHODS

Participants
The total sample (N ¼ 142) included 68 participants with bipolar disorder, 38 with schizophrenia, and 36 healthy controls. Patients were recruited from outpatient treatment clinics at the University of California, Los Angeles (UCLA), and the Veterans Affairs Greater Los Angeles Healthcare System (GLA), and from board-and-care residences in Los Angeles. Inclusion criteria for patients included DSM-IV diagnosis of bipolar I, bipolar II, or schizophrenia; diagnoses were confirmed with the Structured Clinical Interview for DSM-IV Axis-I disorders (SCID-I; First et al, 2002) . Exclusion criteria for patients included substance dependence in the last 6 months, substance abuse in the last month, and IQ o70. Control participants were recruited through internet advertisements and screened with the SCID-I and SCID-II for Axis II disorders (First et al, 1997) . Exclusion criteria for control participants included history of schizophrenia, other psychotic disorder, bipolar disorder, recurrent major depressive disorder, substance dependence, or abuse in the past month, history of psychotic or bipolar disorder among first-degree relatives, or any of the following Axis-II disorders: avoidant, paranoid, schizoid, schizotypal, or borderline personality disorder. Exclusion criteria for the entire sample included: history of head injury, identified neurological condition, or lack of English proficiency to understand consent and testing procedures. Patients were considered to be clinically stable, indicated by at least a month since the last mood episode, no medication changes in the previous 6 weeks, no inpatient hospitalization in the previous 3 months, and no changes in housing in the previous 2 months.
Of the 68 patients with bipolar disorder, 46 were diagnosed with bipolar I disorder and 22 with bipolar II disorder. Of the patients with bipolar I, 15 had a history of psychosis and 31 were diagnosed with bipolar I without psychosis. Forty of the bipolar patients were taking AP medications at the time of the study, 28 were not taking AP medications, and 11 were taking lithium or divalproex sodium but not AP medication. Thirty-seven out of thirtynine schizophrenia patients were taking AP medications at the time of testing.
All participants gave written informed consent after receiving a detailed explanation of study procedures, according to procedures approved by the Institutional Review Boards at UCLA and GLA.
Measures
Clinical ratings. Patients' psychiatric symptoms were evaluated using the expanded 24-item version of the Brief Psychiatric Rating Scale (BPRS; Ventura et al, 1993) , the Hamilton Depression Rating Scale (Hamilton, 1960) , and the Young Mania Rating Scale (YMRS; Young et al, 1978) . All clinical interviewers were trained through the Treatment Unit of the Department of Veterans Affairs VISN 22 Mental Illness Research, Education, and Clinical Center. SCID raters were trained to a minimum kappa of 0.75 and symptom raters were trained to a minimum ICC of 0.80.
Cognition
The MATRICS consensus cognitive battery. (MCCB; Nuechterlein and Green, 2006 ) was used to assess cognitive functioning. The MCCB includes 10 tests to measure seven domains of cognition. The domains include: speed of processing, attention/vigilance, working memory, verbal memory, visual memory, reasoning and problem solving, and social cognition. Standardized T-scores were computed for each of the seven domains, correcting for age and gender. The composite score was based on the average T-score from each of the domains, and served as the primary dependent measure in this study.
Self-reported impulsivity
The Barratt Impulsiveness Scale. (BIS-11; Patton et al, 1995 ) is a well-validated self-report questionnaire considered to be a reliable indicator of impulsiveness personality traits (Stanford et al, 2009 ). The measure includes 30 items scored on a 4-point scale (1 ¼ never, 4 ¼ always) describing common impulsive or non-impulsive behaviors and preferences. Example questions include: 'I say things without thinking;' 'I get easily bored when solving thought problems;' and 'I change jobs.' In addition to the total score, three secondorder factors (attentional, motor, nonplanning) are used in analysis. The dependent measures are summed scores for each of the scales.
Performance-based risk taking
The Balloon Analogue Risk Task. (BART) is a computerized measure of risk-taking behavior, adapted from an original version by Lejuez et al, 2002 . The BART has well-established psychometric properties (White et al, 2008) and predictive validity for real-world risk taking (Cazzell et al, 2012) . The task includes a series of 20 balloons displayed on the computer screen. For each balloon, the participant is given the option to earn money by 'pumping' the balloon by pressing a button. Each button press inflates the balloon incrementally and adds $0.01 per 'pump' to a bank until a variable point at which the balloon pops. The explosion point of each balloon was between the 1st and 128th pump, set randomly by the computer. The participant can decide to stop pumping at any time and deposit the accumulated money from that balloon into a permanent bank. If the participant does not stop pumping and the balloon pops, the participant loses all the accumulated money for that trial. The participants were given the actual amount of money they earned during the task, rounded up to the nearest dollar amount. Higher scores are indicative of greater risk-taking propensity (Bornovalova et al, 2005; Lejuez et al, 2002) . The three dependent measures are: adjusted pumps (average number of pumps for all unexploded balloons); total amount of money earned; and rate of exploded balloons.
Statistical Analyses
First, the data were examined for outliers. For the impulsivity and risk-taking variables, none of the patients or controls exceeded three standard deviations above or below the mean for this sample. Second, a series of univariate analyses of variance were conducted to examine group differences on each task. Significant main effects were followed up with paired contrasts using Bonferroni corrections. Third, correlation analyses were used to examine the relation between impulsivity and behavioral risk-taking task. Additional correlation analyses examined the relationships between symptom scales and performance on the impulsivity and risk-taking measures for both patient groups. Finally, t-tests were used to examine the extent to which AP medications influenced performance on the measures of impulsivity and risk taking.
RESULTS
The three groups did not differ in terms of age, gender, and parental education (see Table 1 ). The two patient groups were equivalent in age of onset of illness. The schizophrenia group had higher symptom scores on the BPRS and the YMRS, and there were no differences between the two patient groups on the HAMD. The three groups differed in terms of cognitive performance on the MCCB, with schizophrenia patients showing the most impairment, bipolar patients intermediate, and healthy controls showing the least impairment.
Group Comparisons on Impulsivity and Risk Taking
The bipolar group was significantly higher than the schizophrenia patients and the controls on BIS-11 Total scores; the latter two groups did not differ from each other. At the subscale level, the bipolar group performed higher than controls on two impulsivity subscales (attention and motor), but not the third (nonplanning). The schizophrenia group only differed from controls on the attention subscale (see Table 2 ).
On the BART, there was a significant group effect on the three primary dependent measures (adjusted number of pumps, money earned, and rate exploded) and the P-value for each was o0.01. The pattern was the same for each of the three primary dependent measures: the schizophrenia group differed significantly from both the bipolar group and controls, who did not differ from each other. In each case, the schizophrenia group showed more risk aversion: they had significantly fewer pumps across balloon trials, earned less money on the task, and had a lower rate of exploded balloons. The groups did not differ in task duration.
Correlations among indices from the two measures were examined within groups (Table 3 ). There are two main findings based on these correlations: looking within each measure, items within the self-reported impulsivity measure (BIS-11) and behavioral measure (BART) were highly intercorrelated to each other for all three groups. Looking between measures, the BIS-11 was not highly related to performance on the BART.
Scores on the impulsivity and risk-taking measures showed only a few relationships with psychiatric symptoms and cognition and none of them were significant after correcting for multiple comparisons. These results are included in Supplementary Table 1 .
Subgroup Analyses for Bipolar Disorder
There were no significant differences between the bipolar I and bipolar II groups on any of the measures of impulsivity or risk taking (Table 4 ). These two subgroups were Notably, bipolar patients taking AP medications (n ¼ 40) had significantly lower scores on the BIS-11 and also the BART (fewer pumps, less money earned, lower rate exploded) than bipolar patients not taking AP meds (n ¼ 28). We further explored this effect of AP medications on risk taking and impulsivity in two ways. First, we compared the bipolar patients taking, to those not taking, AP medications on clinical symptoms. We found no differences in bipolar patients who were and were not taking AP medications in symptom severity on any of the symptom measures (BPRS total, BPRS positive, BPRS negative, YMRS, HAMD; Supplementary Table 2) . Second, to determine whether the effects of AP medications were explained by history of psychosis, we examined the effects of AP medications only in the 51 bipolar patients who did not have a history of psychosis (we had fewer patients with a history of psychosis). The AP effects were significant (see the last two columns in Table 4) such that patients taking AP medications had significantly lower scores on the BIS and the BART.
Our results indicate not only a diagnostic difference between bipolar disorder and schizophrenia, but also a difference within bipolar disorder based on the use of AP medications. Hence, we wanted to determine whether the AP effects explain the diagnostic group effects on self-report and behavioral impulsivity. We did this by comparing the schizophrenia group to only those bipolar patients who were taking AP medications. The two groups differed significantly on the BART in that the bipolar subgroup showed significantly more risk taking than the schizophrenia group. There were no significant differences between the bipolar subgroup and schizophrenia group on the BIS total or attention or nonplanning subscales (Table 5) .
To evaluate whether the group differences between schizophrenia patients and bipolar patients taking AP medications could be due to differences in dosing, we converted the AP medication doses to CPZ equivalents. The two groups did not differ significantly in CPZ dosage (Table 5) . To cross-check the effect of dosing on the analyses, we repeated the comparison between schizophrenia and bipolar patients taking AP medications with CPZ equivalents as a covariate in ANCOVAs and the results were essentially unchanged (that is, all comparisons that are significant in Table 5 remain significant with the covariate).
DISCUSSION
In this study, we evaluated impulsivity and risk taking in schizophrenia and bipolar disorder, assessed with both selfreport and performance-based measures. Several key conclusions emerge from these analyses. First, there were large differences on measures of risk-taking behavior between the two clinical disorders: bipolar patients scored significantly higher than controls on self-reported impulsivity, but performed comparably to controls on behavioral risk taking. In contrast, the schizophrenia patients were comparable to controls on self-reported impulsivity, but showed significantly more behavioral risk aversion than healthy controls or bipolar patients. These findings are consistent with previous studies of bipolar disorder, and largely consistent with previous studies of schizophrenia. Specifically, bipolar patients self-report increased impulsivity, even out of manic episodes (Peluso et al, 2007; Najt et al,
2007
; Lombardo et al, 2012) . Furthermore, behavioral performance on measures of impulsivity varies in euthymic BP patients: one study found increased impulsivity only in bipolar patients with co-occurring alcohol use disorders (Holmes et al, 2009) , and another found behavioral task impulsivity not to be elevated in euthymic patients (Swann et al, 2003) . In addition, performance on the BART was not found to correlate with severity of mood symptoms (Holmes et al, 2009) . The previous findings with schizophrenia are more mixed. Schizophrenia patients have reported higher levels of impulsivity on the BIS-11 than controls (Nolan et al, 2011) , which is in the direction we found, although it was not significant in our sample. Our findings are consistent with a previous study of the BART that showed significantly less risk taking in schizophrenia patients than controls (Cheng et al, 2012) . Some studies observed an apparent increase in impulsivity in schizophrenia on different types of tasks, such as stop-signal and delay discounting (Enticott et al, 2008; Heerey et al, 2007 Heerey et al, , 2011 . However, impulsivity is multi-faceted and these tasks differ from the BART in that they involve both motor impulsivity and cognitive inhibition. Consistent with previous studies, we found that self-reported impulsivity and behavioral risk taking do not correlate highly with each other (Enticott et al, 2008; Ouzir, 2013) .
Our study is the first to clearly detect an AP medication effect on risk taking in bipolar disorder patients. These AP effects were not explained by a history of psychosis in the bipolar patients, and the AP effects did not fully account for the diagnostic differences in impulsivity and risk taking. Past studies have hypothesized medication effects may explain changes in performance on measures of impulsiveness but underpowered samples may have prevented detection of such an effect.
Our findings are largely consistent with the characteristic clinical features of the two diagnostic groups. The main group difference between the bipolar patients and controls was self-reported impulsivity (BIS-11), whereas the main group difference between the schizophrenia patients and controls was behavioral risk taking (BART). It may be that self-reported measures are indicative of long-standing self-perceptions. The BIS-11 asks the respondent to indicate the degree to which stereotypically impulsive behaviors are characteristic of him or her. If the bipolar patient has salient memories of impulsive actions, or identifies with the behavioral descriptions, they may be inclined to overreport impulsive traits. The difference we found in selfreported impulsiveness between bipolar patients on and off AP medications is consistent with recent studies in other disorders that have found all types of impulsivity (ie, behavioral, nonplanning, and cognitive) are partially state related (Corruble et al, 2003) . The BIS-11 may be sensitive to these state-relevant fluctuations. In contrast to the bipolar patients as a whole, the schizophrenia patients were particularly risk averse, perhaps due to repeated exposures to failure and unsuccessful attempts at challenging or new tasks. This is consistent with the current conceptualization of defeatist beliefs as predictive of functional outcome in schizophrenia (Beck and Rector, 2005) . Repeated discouraging experiences throughout the development and adulthood eventually cultivate negative self-views and defeatist beliefs, which can lead to loss of motivation in people with schizophrenia (Green et al, 2012) . Hence, in bipolar disorder there may be a tendency for people to selfperceive, and report, impulsivity as a pervasive characteristic, which may lead to overly inflated scores on the BIS-11.
In schizophrenia, defeatist beliefs may lead to inhibited performance and risk aversion on the BART. There could also be differences in the underlying neurobiology of self-reflection contributing to the diagnostic differences in self-report and performance. Although the neural systems involved in self-reflection are not as well understood as those underlying risk taking, there appears to be a network of brain regions associated with self-reflective processing. For example, patients with schizophrenia show decreased activation in the posterior cingulate cortex and precuneus during a self-reflection task compared with healthy controls (van der Meer et al, 2012) . This decreased ability to couple memories of past experiences with sense of self could lead to the discrepancy between normal levels of self-reported impulsivity and the decreased risktaking behaviors in this group. It is possible that bipolar disorder and/or AP medications could affect these neural systems and thereby affect self-reflection on impulsivity, although this has not yet been demonstrated. Overall, it appears that differences on the two measures between patient groups are owing to the fact that the BIS-11 relies on self-perception, whereas the BART relies on behavioral performance. This is consistent with previous findings that self-reported behavioral styles have low associations with measures of specific behaviors in the laboratory (Aichert et al, 2012) .
The finding of an AP effect on impulsivity and risk taking may help to explain previous mixed results from studies of both schizophrenia and bipolar disorder (ie, decreased or increased impulsive decision-making). These inconsistencies in past research (eg, Holmes et al, 2009; Lombardo et al, 2012 ) might be explained if previous studies had different proportions of patients on and off AP medications, or were limited in testing these effects because of small sample sizes.
In clinical practice, it is a commonplace for AP medications to be prescribed in addition to anticonvulsant mood stabilizers, or in place of anticonvulsants, for patients with bipolar disorder. Our findings are consistent with clinical impressions that AP medications may reduce impulsivity and risk-taking behavior. Although there are certain risks associated with AP medications (movement symptoms, metabolic side effects, etc.), this potential effect on impulsivity could be an added benefit for certain patients.
Our participants who were taking AP medications were primarily taking second-generation APs. These agents have varied affinities for numerous neurotransmitter receptors, including those for serotonin and dopamine, that have been associated with risk taking and impulsivity (Dalley and Roiser, 2012; Pattij and Vanderschuren, 2008) . A common mechanism across these agents is antagonism of dopamine D2 receptors (Janicak et al, 2011) . However, the specific role of dopamine signaling on impulsivity and risk taking is complex. For example, enhancing dopaminergic signaling in Parkinson's Disease with the D2/D3 agonist pramipexole has been shown to increase risk taking behavior on a lottery task, and this is mirrored by the increased rate of impulse control disorders found in Parkinson's Disease patients treated with dopaminergic agonists (Riba et al, 2008) . In contrast, psychostimulants that enhance dopaminergic signaling (eg, amphetamine or methylphenidate) decrease risk-taking behaviors in frontotemporal dementia and ADHD (Dalley and Roiser, 2012; Rahman et al, 2005) .
Animal studies further illustrate the complexity of dopaminergic involvement in risk-taking behavior. The complexity is owing to the multiple brain regions governing these behaviors, including the basal ganglia and several regions of the prefrontal cortex (Kim and Lee, 2011) . Impairments in these regions (eg, the orbitofrontal cortex in frontotemporal dementia) can lead to different neural mechanisms for increased impulsivity, as well as differential responses to dopaminergic medications. In the rat, D2 stimulation increased and D2 antagonism decreased risk taking (St Onge and Floresco, 2009 ). The results were attributed to the role of the nucleus accumbens, as part of the mesolimbic pathway (St Onge and Floresco, 2009 ). In contrast, opposite results were found in a different rat model of risk-taking behavior (which included footshock punishment), with D2 receptor activation decreasing risktaking behavior and D2 antagonism attenuating this effect (Simon et al, 2011) . This effect was attributed to pharmacological effects of dopaminergic receptors located in both prefrontal and striatal brain regions. The authors concluded that the differences in results between the two studies could be explained by the risk of footshock punishment having greater motivational salience than the alternative reward (Simon et al, 2011) . The BART more closely resembled the task in St Onge and Floresco (2009) in that there was no active punishment but instead merely the loss of reward.
It is possible that AP medications change symptoms, which in turn, change risk taking. This explanation is plausible, but our data are not fully consistent with it. We considered this possibility in two ways. First, we examined the correlations between clinical symptoms and risk taking within both groups and did not find any significant correlations after correction (Supplementary Table 1) . Second, we compared the bipolar group with and without AP meds on their clinical symptoms and found no differences (Supplementary Table 2 ). It is possible that AP medications work through symptoms, but not ones assessed in this study. For example, some types of negative symptoms that are not assessed with the scales in this study might be more closely related to behavioral impulsiveness.
Alternatively, AP medications might exert their effects on risk taking directly and not through positive, negative, or manic symptoms (at least as defined by the YMRS). One small study of AP naïve first-episode schizophrenia patients suggests that the paracingulate cortex, an area considered critical for performance monitoring, may become hypoactive with AP medications (Yücel et al, 2007) . Animal models consistently show that pharmacological agents affecting DA and serotonin systems alter impulsive behavior-and reward-related decision-making (Dalley and Roiser, 2012) .
The current study has some strengths and several limitations that suggest avenues for further study. The combined use of both self-report and behavioral measures allowed us to more fully characterize the complexity of impulsivity and risk taking in two clinical samples. The tendency to treat a large subgroup of bipolar patients with AP medications for mood stabilization (even without a history of psychosis) essentially provided a naturalistic behavioral psychopharmacology manipulation. Given our sample size of bipolar patients, we were able to capitalize on this treatment trend for AP medications to conduct informative comparisons.
Limitations of the current study include the cross-sectional design and absence of random assignment to medication status. Extending the current findings by including bipolar patients in manic, depressed, and euthymic episodes may further elucidate the role AP medications have in predicting impulsivity and risk taking. Although we controlled for symptom severity, bipolar type, and history of psychosis in our analyses, we cannot rule out the possibility that the bipolar patients on and off of AP medications were qualitatively different befofre AP treatment. In addition, findings from other research groups suggest that deficits in cognition, motivation, or reward salience may lead to impaired performance among schizophrenia subjects on the BART. The current study, however, was not able to disentangle these factors. Future studies should include systematic manipulations of attentional demands, reward learning contingencies, or motivational attributes.
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